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MINIREVIEW

Involvement of Chlamydia pneumoniae in Atherosclerosis: More
Evidence for Lack of Evidence
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Departments of Medical Microbiology1 and Cardiology,2 University of Antwerp, Wilrijk, Belgium

During the past 15 years, many studies have been devoted to
the relationship of Chlamydia pneumoniae and atherosclerosis:
the serologic link has been investigated, and chlamydial organ-
isms have been detected in lesions by electron microscopy,
immunohistochemistry, in vitro cultivation, PCR, or in situ
hybridization; efforts have been made to produce atheroscle-
rosis experimentally in animals by inoculation of C. pneu-
moniae and therapeutic trials in humans have been under-
taken. Some studies conclude that C. pneumoniae is present in
cases of atherosclerosis, while others deny this, splitting the
medical community into believers and disbelievers. The ques-
tion, being a scientific one, should be resolved on a rational
basis. After Boman and Hammerschlag reviewed the problem
in 2002 (Clin. Microbiol. Rev. 15:1-20, 2002), a number of new
studies were published on the subject. In this review, we crit-
ically evaluate the available data for the evidence or lack of
evidence of a causal relationship for C. pneumoniae in athero-
sclerosis based on diagnostic and therapeutic studies per-
formed with humans between 1992 and 2003, thereby search-
ing mainly for concordance of evidence arising from different
approaches used by different groups, at different times, and
under different circumstances.

SEROEPIDEMIOLOGIC STUDIES

In 1988, Saikku et al. (61) reported that patients with coronary
artery disease carry significantly more anti-Chlamydia pneu-
moniae immunoglobulin G (IgG) and IgA antibodies in their
bloodstream than healthy controls. Since this initial study, a huge
number of cross-sectional and case-control studies addressing the
involvement of C. pneumoniae in atherosclerosis have been pub-
lished. Several, but not all, of these studies found a similar positive
association. Prospective studies, in which results were generally
adjusted for the presence of traditional risk factors, seem to min-
imize the relationship between baseline C. pneumoniae IgG titers
in the healthy population and the risk for a subsequent coronary
event. Furthermore, the presence of elevated anti-C. pneumoniae
antibodies in patients with preexisting vascular disease means no
increased risk for future or recurrent cardiovascular events.

This serologic link between C. pneumoniae and vascular dis-
eases has been studied by the microimmunofluorescence (MIF)
test and enzyme-linked immunosorbent assays (ELISAs). There

is, however, accumulating evidence that Chlamydia serology is
less specific than was first assumed. Cross-reactivity between C.
pneumoniae and other Chlamydia species has been demon-
strated with the MIF test. In addition, neither the serologic
procedures nor the criteria for defining an infection with C.
pneumoniae are standardized. A standardization workshop
held in 2001 (18) recommended that the MIF test should be
considered the only acceptable serologic test for Chlamydia
and that an IgG titer of �1/16 indicates past exposure but that
neither elevated IgA titers nor any other serologic marker may
be used as a validated indicator of persistent or chronic infec-
tions. As C. pneumoniae antibody seroprevalences in the gen-
eral population are high, it remains questionable, however,
whether seropositivity for C. pneumoniae results either from a
chronic, active infection or from a past infection.

The MIF test has been criticized mainly because of improper
interpretation of its results. The reproducibility of MIF among 14
different laboratories was examined by testing 22 identical sera,
resulting in a 60 to 80% agreement with the results of the refer-
ence laboratory (53). Besides the problem of interlaboratory vari-
ation, discordant results between MIF tests were also obtained
when they were analyzed and read by the same experienced tech-
nician. So, in addition to the subjective component, other factors
(the type, purity, and concentration of the antigen used and the
assay procedure) might contribute to the disagreement between
the tests. In contrast to MIF tests, enzyme immunoassays are
easier to perform, less time-consuming, and more objective be-
cause of the photometric reading involved. Nevertheless, three
recent studies have demonstrated that the link between C. pneu-
moniae and coronary artery disease depends on the serologic
method chosen to measure the C. pneumoniae antibodies (29, 45,
62).

In summary, although initial reports were positive, the later
ones, often prospectively designed and adjusted for known car-
diovascular risk factors, showed a negative or weak positive asso-
ciation overall between seropositivity for C. pneumoniae and ath-
erosclerosis. Importantly, methodology has a strong impact on the
link between C. pneumoniae and atherosclerosis. Inter- and in-
tralaboratory variations and poor agreements between the differ-
ent C. pneumoniae tests have been demonstrated.

DETECTION OF C. PNEUMONIAE IN
ATHEROSCLEROTIC LESIONS BY EM

C. pneumoniae organisms were first detected by electron
microscopy (EM) in atherosclerotic lesions by Kuo et al. and
Shor et al. in 12 of 43 autopsy cases (36, 63, 64). Preparations
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often revealed organisms of various sizes and forms and also
degenerative organisms. The organisms were situated in
smooth muscle cells, foam cells, and extracellular debris and in
areas of fibrosis and in ceroid bodies. Between 1993 and 2003,
C. pneumoniae organisms were observed by EM in 63 of 155
(40.6%) atherosclerotic specimens in 11 studies and in none of
66 specimens examined in 4 studies. There are wide and sig-
nificant variations between the studies: from 0 of 22 to 32 of 51
(62%) specimens were positive for C. pneumoniae (6, 73).
Tissues with minimal lesions were positive as often as those
with severe lesions (64). This finding may point to a low spec-
ificity of the procedure. Rose (60) mentioned abundant cal-
cium hydroxylapatite crystals presenting as microvascular or
microvesicular structures with a morphology which resembles
that of chlamydial organisms. EM sensitivity can be estimated
by comparing EM results with the PCR results in those studies
in which specimens are independently studied by EM and PCR
and when the results of both procedures are presented for each
individual specimen (25, 36, 64, 72). It appears that the sensi-
tivity of EM, in comparison to that of PCR, is very high, i.e.,
64.5%, whereas in general EM is much less sensitive than PCR
for the detection of microorganisms.

The interpretation of EM pictures is not convincing. It is
thus impossible to conclude on the basis of EM studies that C.
pneumoniae is present in atherosclerotic lesions.

CULTURE OF C. PNEUMONIAE FROM
ATHEROSCLEROTIC LESIONS

Culture of C. pneumoniae remains an insensitive procedure.
Gaydos et al. (22) compared the detection of C. pneumoniae by
culture with detection by PCR using respiratory specimens and
found a sensitivity for culture of 87.5% versus PCR. The spec-
ificity of culture is dependent on the ability of the laboratory
worker to distinguish true C. pneumoniae inclusions from ar-
tefacts after fluorescent staining has been performed. Boman
and Hammerschlag (12) insisted that true-positive C. pneu-
moniae cultures produce inclusions and not just elementary
bodies.

A standardization workshop on C. pneumoniae assays (18)
recommended two blind passages for respiratory specimens
and four to six passages for tissue specimens; a finding of one
or more inclusions per well or tube should be considered a
presumptive positive result, and only if the strain can be prop-
agated by means of subsequent passages or confirmed by an
additional test such as PCR should the result be reported as
confirmed positive.

The number of C. pneumoniae strains isolated from athero-
sclerotic specimens remains small: 46 isolates were obtained
from 625 specimens (7.4%) by five research groups. In one
study, an isolate was obtained in three different laboratories
from fragments from the same coronary artery (58). The cul-
ture efforts made by six research groups with a total of 302
specimens remained negative (8, 23, 24, 32, 35, 36, 52, 70, 73).
Strains were detected after two to five (39, 73) and five to eight
passages (3, 30). Permanent propagation in tissue culture was
successful for only 6 of 11 isolates (39). Apfalter et al. (3)
mentioned that the difficulty in detecting C. pneumoniae ele-
mentary bodies and/or cell inclusions is due to the massive

unspecific reactions caused by the inoculated material during
the first five passages.

The small number of isolates of C. pneumoniae obtained
after much effort is in sharp contrast with the high frequency of
detection of C. pneumoniae by other approaches, such as im-
munohistochemistry (IHC) and PCR.

DETECTION OF C. PNEUMONIAE IN
ATHEROSCLEROTIC ARTERIES BY PCR

Since the results of cultivation of C. pneumoniae from ath-
erosclerotic lesions have been disappointing, most researchers
have used the more-sensitive PCR method. Based on several
studies (1, 14, 21) it appears that 0.1 inclusion-forming unit can
be detected by this procedure.

Between 1992 and 2004, we identified 63 reports on the
detection of C. pneumoniae. A variety of arteries as well as
some veins were examined. Fresh, frozen, and fixed tissues
were tested. Twenty studies included 665 control specimens.
Single-format PCR, nested PCR (nPCR), and in two studies a
reverse transcription (RT)-PCR were applied. Overall, vali-
dated primers were used (18). Amplicons were detected by
agarose gel electrophoresis, which was not always confirmed by
hybridization. It should be realized, however, that detection of
specific amplicons solely by the inspection of agarose gels with-
out hybridization using a specific probe may correspond to an
unrecognized false-positive signal. In those studies, unspecific
signals may be incorrectly interpreted as C. pneumoniae posi-
tive. This is particularly the case when regular Taq DNA poly-
merase rather than Amplitac Gold DNA polymerase is used
(43). In 11 out of 33 studies reviewed by Maraha et al. (43), the
detection rate was 31.6% when gel electrophoresis only was
used to visualize the amplicons. In the 22 studies in which
results were confirmed by hybridization, the detection rate was
24.5% (P � 0.0009). Furthermore, contamination by environ-
mental chlamydia-like organisms has been detected (43). In a
great majority of studies, C. pneumoniae or its DNA was in-
cluded as a positive control in each amplification run or was
added to PCR-negative specimens in a repeat reaction for the
detection of PCR inhibitors. To avoid this potential source of
contamination, an internal control was constructed in two stud-
ies (28, 31).

A total of 3,551 specimens were tested: 2,688 were negative
and 863 (24.3%) specimens were positive for C. pneumoniae
DNA. C. pneumoniae prevalence in atherosclerotic vessels
ranged from 0 to 100%. However, a considerable proportion
(up to 6.5%) of control arteries were also PCR positive. This
high positivity in control arteries has led to skepticism concern-
ing either the technique or the selection of the negative con-
trols.

Results lack reproducibility within laboratories and between
laboratories. Specimens tested in duplicate or triplicate were
not consistently positive in the studies by Wong et al. (76),
Petersen et al. (54), Thomas et al. (68), Jackson et al. (30),
Weiss et al. (73), Ong et al. (50), and Blasi et al. (10). In
contrast, all PCRs in the studies by Maass et al. (39, 40, 42)
produced the same results. Ong et al. reported in 1996 (50)
that 19 of 43 (44%) atherosclerotic vessels were positive for C.
pneumoniae by PCR but failed to detect C. pneumoniae in 40
carotid artery specimens by applying the same technique in
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2001 (51). Likewise, Maraha et al. (44) found 10 of 27 (37%)
specimens positive for C. pneumoniae but could not detect any
DNA in a second study using a more specific test (43). Subse-
quently, Maraha et al. concluded that the first positive results
were probably due to contamination and methodological prob-
lems.

A few research groups applied to their samples a second
PCR targeted at a different sequence in the genome. In four
studies, the results were confirmed by the second PCR: positive
results obtained by Kuo et al. (36) and negative results ob-
tained by Bishara et al. (8), Wessely and Mall (74) and Hoy-
mans et al. (28). Hoymans et al. applied two different single
PCRs, a nested PCR, and a RT-PCR in two different labora-
tories with 197 specimens with negative results. Contradictory
results were recorded by Jantos et al. for two patients (31).

Studies of contiguous arterial fragments also produced di-
vergent results (10, 16, 40, 57, 68). The low reproducibility of
many PCR results has been attributed to the presence of small
numbers of C. pneumoniae organisms or to their random dis-
tribution in the tissues. If this is the case, the numbers of C.
pneumoniae organisms present in the lesions should be very
low in a considerable proportion of patients. The proportion of
cases with low numbers of C. pneumoniae varies widely among
the studies: from 5 of 26 (19%) in a study by Blasi et al. (10) to
5 of 21 (23.8%) in a study by Maass et al. (40), 7 of 21 (25%)
in a study by Jackson et al. (30), and 42 of 52 (80%) in that by
Thomas et al. (68). Tissue inhibitors were frequently evoked to
be responsible for low sensitivity; however, the overwhelming
majority of specimens do not contain PCR inhibitors, as was
evidenced by the use of proper internal controls.

A real-time PCR technique not only produces amplification
results more rapidly than traditional PCR but also is less prone
to amplicon carryover. Ciervo et al. (15) tested three indepen-
dent aliquots of 15 carotid plaques, both by an RT and a nPCR
method. All samples were negative by the nPCR, and three
samples were positive by the RT-PCR, with 50, 37, and 24 copy
numbers. Ciervo et al. suggest that C. pneumoniae is present
infrequently and in low DNA copy numbers in atheromatous
plaques. Hoymans et al. (28), using an RT-PCR with an ana-
lytical sensitivity of 0.02 inclusion-forming unit per reaction
with 197 atherosclerotic and 8 control specimens, obtained
negative results.

Two multicenter studies have been published. In a study by
Ramirez et al. (58), samples taken from 10 different coronary
arteries were tested by PCR in four laboratories. Positivity
ranged from 4 of 10 specimens in one laboratory to 2 of 10, 1
of 10, and 0 of 10 specimens in the three other laboratories.
Specimens from one patient were positive in three of four
laboratories, but four positive results were solitary findings in
two laboratories. This study was criticized because the labora-
tories did not investigate identical materials. In a study by
Apfalter et al. (2), the detection rate in the individual labora-
tories did not correlate with the sensitivity of their assays as
was determined with a panel of spiked control specimens: two
of three of the most sensitive methods found all 15 atheroscle-
rotic specimens negative, while one of the two laboratories that
detected the most positive clinical specimens did not detect the
lowest positive control. Contamination of negative controls
occurred in two laboratories. The overall detection rate (9%)
and the maximum concordant positive rate for the atheroma

samples (25% for one carotid artery) were lower than ex-
pected. Statistical calculation concerning the observed distri-
bution of positive results in the atheroma panel did not support
the hypothesis that the discordant positivity rates were gener-
ated by a distribution problem. It was concluded that if C.
pneumoniae was present at all in atheromatous specimens, it
would be at a very low target level.

Although there are no quantitative data available for PCR
results, some correlations with the intensity of the reaction and
the degree of atherosclerosis have been made. In the studies by
Bartels et al. (5), Berger et al. (7), Davidson et al. (17), Taylor-
Robinson et al. (67), Wong et al. (76), and Thomas et al. (68),
C. pneumoniae organisms were not more common in athero-
sclerotic vessels than in nonatherosclerotic internal mammary
arteries.

In at least 15 studies, a lack of correlation between PCR
detection of C. pneumoniae and serology has been noted. C.
pneumoniae organisms were frequently detected in patients
with no or low antibody titers and were often absent in the
presence of high antibody titers (4, 7, 9, 13, 16, 31, 33, 36, 37,
41, 42, 55, 56, 77). For Kuo and Campbell (34), “this remains
an unsolved paradox with no good explanation.”

It can be concluded that PCR offers no straightforward ev-
idence for the presence of C. pneumoniae in atherosclerotic
lesions.

DETECTION OF C. PNEUMONIAE IN
ATHEROSCLEROTIC TISSUE BY IN SITU

HYBRIDIZATION

With in situ hybridization, results were negative in two stud-
ies (31, 47), results with an isolated specimen were positive in
a third study (22), and some specimens were found to be
positive in two additional studies (48, 58).

In situ hybridization does not offer straightforward results.

C. PNEUMONIAE IN PERIPHERAL BLOOD
MONOCYTES

Smieja et al. (65) recently reviewed 18 studies (to which the
study of Hoymans et al. [28] should be added) of the presence
of C. pneumoniae in the bloodstream: 9 studies were concerned
with a simultaneous investigation of cardiovascular patients
and control persons (healthy blood donors, medical students,
and persons with a normal angiogram), and 10 studies were
concerned with either vascular patients, healthy blood donors,
or patients without vascular problems. Plasma was uniformly
negative for C. pneumoniae (11, 65).

Haranaga et al. (26) and Bodetti and Timms (11) performed
immunofluorescence assays on cytospin preparations of pe-
ripheral blood mononuclear cells (PBMCs) with genus- and
species-specific monoclonal antibodies, respectively. Although
few in numbers, small chlamydial inclusion bodies were seen in
the PCR-positive samples, but none were found in the PCR-
negative samples.

PCR-positive blood samples were present in all but three
groups, of which one was a control group. The prevalences
ranged between 0 and 59.4% among cardiovascular patients
and between 2.5 and 47% among control persons. Most au-
thors found a positive relationship between PBMC PCR and
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the presence of C. pneumoniae seropositivity, but Rassu et al.
(59) and Bodetti and Timms (11) did not. The relationship
between C. pneumoniae DNA detection in PBMCs and in
atheromas is unclear: Blasi et al. (9) found a correlation, but
Berger et al. did not (7). The results of repeated testing of
samples by Rassu et al. (59) and Fridank et al. (20) are anal-
ogous with those with arteries. Tondella et al. (69) used two
RT-PCRs and two nPCRs and detected C. pneumoniae by one
RT-PCR and one nPCR in two single but different PBMC
specimens.

Investigating the presence of C. pneumoniae in peripheral
blood monocytes has led to great skepticism, particularly when
the high positivity rates in healthy blood donors are reported as
“tending to stretch the credibility to the limit” (66).

DETECTION OF C. PNEUMONIAE IN
ATHEROSCLEROTIC TISSUE BY IHC REACTIONS

IHC methods with genus- and species-specific monoclonal
antibodies as well as anti-heat shock proteins have been ap-
plied to large numbers of arterial specimens by many investi-
gators. Subjectivity in reading immunofluorescence tests is a
cause of concern and is hindered by nonspecific background
staining and heterogeneity of C. pneumoniae elementary bod-
ies (50, 68). In some studies, the results obtained with genus-
specific antibodies could not be confirmed by the use of spe-
cies-specific antibodies. It should be realized that IHC is
essentially an antigen-antibody reaction with its inherent prob-
lems of sensitivity and specificity, and the question is whether
positive reactions result from improved sensitivity or worse
specificity.

The sensitivity of the IHC technique is unknown, but it can
be compared to that of a Gram stain of smears, with a sensi-
tivity of 104 organisms per ml in a suspension. A tissue section
with an estimated volume of 1 �l could thus correspond to a
sample containing 104 C. pneumoniae organisms per g of tissue.
If this reasoning holds true, PCR should be more sensitive than
IHC. However, this seems not to be the case: overall IHC
results were positive for 486 of 958 (50.7%) specimens and
PCR results were positive for 863 of 3,551 (24.3%) specimens.
This observation was confirmed by Maraha et al. (44). The
specificity of the components identified has been questioned,
more particularly in the studies in which PCR and IHC results
for the same samples were discordant (75). Meijer et al. (46)
detected C. pneumoniae components by IHC in 3 of 3 carotid
artery specimens and in 19 of 19 aortic aneurysm specimens,
but none were PCR positive. The findings were explained by
different kinetics of degradation of C. pneumoniae after infec-
tion in the vessel wall.

There is also a lack of correlation between C. pneumoniae
serology and the detection of C. pneumoniae by either PCR or
IHC (4, 7, 9, 10, 13, 31, 33, 36, 40, 42).

False IHC staining was illustrated by Rose (60). Sections of
aortic valves devoid of atherosclerosis showed fluorescence
when the primary antibody was omitted from the reaction. The
fluorescence was attributed to minute microcalcifications mim-
icking C. pneumoniae. Absorption of the secondary antibody by
prior exposure to heavily calcified valve tissues prevented false-
positive immunostaining. Hoymans et al. (28) examined serial
histological sections of 17 atheromata both by IHC and by UV

excitation (in the absence of any antibodies). Sections stained
abundantly with a species-specific C. pneumoniae monoclonal
antibody and showed autofluorescence that perfectly matched
that of the immunoreactive sites. Control fetal vessels showed
no reactivity. The autofluorescence resulted from the presence
of the insoluble lipid ceroid, which thus binds antibodies to C.
pneumoniae nonspecifically.

Hoymans et al. (28) could not detect antigens reacting with
genus- and species-specific monoclonal antibodies in atheroma
suspensions by immunoblotting. Vammen et al. (71), through
similar immunoblotting, detected a protein reacting with C.
pneumoniae major outer membrane protein antibody with a
molecular size of 15 kDa rather than the expected 40 kDa. The
15-kDa band was not present in negative control tissue and was
identified through mass spectrometry to have 95% sequence
identity to hemoglobin beta chain. Similarly, Lindholt et al.
(38) using purified human anti-outer membrane protein anti-
bodies could not detect the corresponding antigen in abdom-
inal aortic aneurysm specimens. Neureiter et al. (49) detected
C. pneumoniae proteins in atherosclerotic lesions by Western
blot analysis in 13 of 20 cases and in 1 of 40 controls, but the
procedure was done with formalin-fixed tissue, a technique
that is open to criticism.

Immunohistostaining gives rise to cross-reactions between
anti-C. pneumoniae antibodies and nonchlamydial proteins in
the vessel wall, producing nonspecific signals, and results
should therefore be interpreted with caution.

TREATMENT TRIALS

C. pneumoniae is susceptible in vitro to macrolides, tetracy-
clines, quinolones, and rifamycins. All reported antibiotic trials
used macrolides. Several prospective controlled treatment tri-
als with humans have been published (for a review, see refer-
ence 27). Four studies concern patients after myocardial in-
farction, and nine studies concern patients with coronary artery
disease or acute coronary syndromes. Treatment was with
azithromycin in daily doses for 3 to 6 days to 30 days or weekly
doses for 11 weeks, 3 months, 6 months, or 1 year. Follow-up
periods ranged from 6 months to 2.5 years. Some results are
expected in the year 2005. Short-term antibiotic treatment
does not significantly decrease cardiovascular events. There-
fore, Higgins (27) proposed that a robust study (the Azithro-
mycin Coronary Events Study trial) should determine whether
long-term treatment is required to decrease cardiac events.

CONCLUSIONS

There are now more arguments against than for a causal
relationship between C. pneumoniae and atherosclerosis. Se-
roepidemiologic results are largely technique dependent, PCR
results show intra- and interlaboratory variability, methodolog-
ical factors contribute to bias, and detection of C. pneumoniae
fails when the specificity of the reaction is optimized. IHC
detects nonspecific compounds in atherosclerotic lesions, and
secondary prevention trials are unsuccessful. The evidence for
an association between a novel pathogen and chronic disease
should be based on concordance of evidence arising from dif-
ferent approaches applied by different groups, at different
times, in different places, and under different circumstances
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(19). None of these conditions have been fulfilled in the
present case.
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55. Prager, M., Z. Türel, W. S. Speidl, G. Zorn, C. Kaun, A. Niessner, G. Heinze,
I. Huk, G. Maurer, K. Huber, and J. Wojta. 2002. Chlamydia pneumoniae in
carotid artery atherosclerosis. A comparison of its presence in atheroscle-
rotic plaque, healthy vessels, and circulating leukocytes from the same indi-
viduals. Stroke 33:2756–2761.

56. Puolakkainen, M., C. C. Kuo, A. Shor, S. P. Wang, J. T. Grayston, and L. A.
Campbell. 1993. Serological response to Chlamydia pneumoniae in adults
with coronary arterial fatty streaks and fibrolipid plaques. J. Clin. Microbiol.
31:2212–2214.

57. Radke, P. W., S. Merkelbach-Bruse, B. J. Messmer, J. vom Dahl, H. Dörge,
A. Naami, G. Vogel, S. Handt, and P. Hanrath. 2001. Infectious agents in
coronary lesions obtained by endatherectomy: pattern of distribution, coin-
fection, and clinical findings. Coron. Artery Dis. 12:1–6.

58. Ramirez, J. A., S. Ahkee, J. T. Summersgill, B. L. Ganzel, L. L. Ogden, T. C.
Quinn, Gaydos, C. A., L. L. Bobo, M. R. Hammerschlag, P. M. Roblin, W.
LeBar, J. T. Grayston, C. C. Kuo, L. A. Campbell, D. L. Patton, D. Dean, and
J. Schachter. 1996. Isolation of Chlamydia pneumoniae from the coronary
artery of a patient with coronary atherosclerosis. Ann. Intern. med. 125:979–
982.

59. Rassu, M., F. M. Lauro, S. Cazzavillan, E. Bonoldi, M. Belloni, M. C.
Bettini, A. Pilotto, C. Mengoli, A. Peron, R. Zambello, M. Scagnelli, and G.
Bertoloni. 2001. Detection of Chlamydophila pneumoniae DNA in peripheral
blood mononuclear cells of blood donors in the north-east of Italy. Med.
Microbiol. Immunol. 190:139–144.

60. Rose, A. G. 2002. Failure to detect Chlamydia pneumoniae in senile calcific
aortic stenosis or calcified congenital bicuspid aortic valve by immunofluo-
rescence, polymerase chain reaction and electron microscopy. Cardiovasc.
Pathol. 11:300–304.

61. Saikku, P., M. Leı̈nonen, K. Mattila, M. R. Ekman, M. S. Nieminen, P. H.
Makela, J. K. Huttunen, and V. Valtonen. 1988. Serological evidence of an
association of a novel Chlamydia, TWAR, with chronic coronary heart dis-
ease and acute myocardial infarction. Lancet ii:983–986.

62. Schumacher, A., A. B. Lerkerød, I. Seljeflot, L. Sommervoll, I. Holme, J. E.
Otterstad, and H. Arnesen. 2001. Chlamydia pneumoniae serology: impor-
tance of methodology in patients with coronary heart disease and healthy
individuals. J. Clin. Microbiol. 39:1859–1864.

63. Shor, A., C. C. Kuo, and D. L. Patton. 1992. Detection of Chlamydia pneu-
moniae in coronary arterial fatty streaks and atheromatous plaques. S. Afr.
med. J. 82:158–161.

64. Shor, A., J. I. Phillips, G. Ong, B. J. Thomas, and D. Taylor-Robinson. 1998.
Chlamydia pneumoniae in atheroma: consideration of criteria for causality.
J. Clin. Pathol. 51:812–817.

65. Smieja, M., J. Mahony, A. Petrick, J. Boman, and M. Chernesky. 2002.
Association of circulating Chlamydia pneumoniae DNA with cardiovascular
disease: a systemic review. BMC Infect. Dis. 2:21.

66. Taylor-Robinson, D. 1997. Chlamydia pneumoniae in arteries: a tale of the
unexpected. J. Infect. 35:97–98.

67. Taylor-Robinson, D., G. Ong, B. J. Thomas, M. L. Rose, and M. H. Yacoub.
1998. Chlamydia pneumoniae in vascular tissues from heart transplant do-
nors. Lancet 351:1255.

68. Thomas, M., Y. Wong, D. Thomas, M. Ajaz, V. Tsang, P. J. Gallagher, and
M. E. Ward. 1999. Relation between direct detection of Chlamydia pneu-
moniae DNA in human coronary arteries at postmortem examination and
histological severity (Stary grading) of associated atherosclerotic plaque.
Circulation 99:2733–2736.

69. Tondella, M. L. C., D. F. Talkington, B. P. Holloway, S. F. Dowell, K. Cowley,
M. Soriano-Gabarro, M. S. Elkind, and B. S. Fields. 2002. Development and
evaluation of real-time PCR-based fluorescence assays for detection of Chla-
mydia pneumoniae. J. Clin. Microbiol. 40:575–583.

70. Valassina, M., L. Migliorini, A. Sansoni, G. Sani, D. Corsaro, M. G. Cusi,
P. E. Valesin, and C. Cellesi. 2001. Search for Chlamydia pneumoniae genes
and their expression in atherosclerotic plaques of carotid arteries. J. med.
Microbiol. 50:228–232.

71. Vammen, S., H. Vorum, L. Ostergaard, E. W. Henneberg, and J. S. Lindholt.
2002. Immunoblotting analysis of abdominal aortic aneurysms using anti-
bodies against Chlamydia pneumoniae recombinant MOMP. Eur. J. Vasc
Endovasc. Surg. 24:81–85.

72. Virok, D., Z. Kis, L. Karai, L. Intzedy, K. Burian, A. Szabo, B. Ivanyi, and
E. Gonczol. 2001. Chlamydia pneumoniae in atherosclerotic middle cerebral
artery. Stroke 32:1973–1976.

73. Weiss, S. M., P. M. Roblin, C. A. Gaydos, P. K. Cummings, D. L. Patton, N.
Schulhoff, J. Shani, R. Frankel, K. Penney, T. C. Quinn, M. R. Hammer-
schlag, and J. Schachter. 1996. Failure to detect Chlamydia pneumoniae in
coronary atheromas of patients undergoing atherectomy. J. Infect. Dis. 73:
957–962.

74. Wessely, S., and G. Mall. 2003. No detection of Chlamydia pneumoniae in
normal and atherosclerotic femoral arteries by polymerase chain reaction
(PCR)—an autopsy study. Z. Kardiol. 92:229–235. (In German.)

75. Wissler, R. W. 1995. Significance of Chlamydia pneumoniae (TWAR) in
atheroslerotic lesions. Circulation 92:3376.

76. Wong, Y. K., M. Thomas, V. Tsang, P. J. Gallagher, and M. E. Ward. 1999.
The prevalence of Chlamydia pneumoniae in atherosclerotic and nonathero-
sclerotic blood vessels of patients attending for redo and first time coronary
artery bypass graft surgery. J. Am. Coll. Cardiol. 33:152–156.

77. Zamorano, J., J. Garcı́a-Tejada, A. Suárez, E. Culebras, J. Castañón, R.
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